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STUDY OF BUTTERFLY VALVES POR PEARL RIVER LOCKS
MODEL INVESTIGATION |

Introduotion

l, Three locks are authorized for construction on a ocanal
paralleling the Pearl Rivor irmediately south of Pogalusa, in southe
oastorn Louisisna, .Each lock is to bo 65 £t wide by 310 £t long mnd
is to have a minimm depth of 10 £t cver the sills. Lifts will vary
from 5 to 28 £t at lock 1, from 13 to 22 £t at Look 2, and from 11
to 17 £t at lock 3, Filling of these loocks will be accomplished by
loop culverta around the mitor gatos, flow through vhich w11 be
controlled'-'by threo butterfly valves arranged as shown on plate 1,

2, Ome of the thres locks proposed, lock 1, has been oonltruetad
and 18 now in opérution. Control valves for this lock are at present
operated manually; howover, plans are being made to mochanize these
valves and to provide automatio operation for the valves on the other
tw locka. Prior to designing opera.t;.ing mochinery the Hobile Distriet
conducted a gorics of tosts at Lock 1 to determine the hydreulie
forces aoting on the ‘butterfly valves, A heuﬁ differential of 11,1 £%
obtained during the pericd in which the tests wore conducted, Wth
the three valves connected to the same driving mechanign, tizo torque
resulting from hydraulic forces amounted to a maximum of 129 in.-kips
and tondod to olose the system. A oloiing torque of 7} in,<kips was

moasured cn valve A (plate 1) when operatod alome. Persomnel of the
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Yobile Distriot were of the opinion that susch torque vaiun wore
excossive and requested that a short geries of model tests be cone
~ duoted to determine if hydranlio foroes asting on the valves could
be reduced by addition of socme syastem of derloot_:orl or baffle plates,
| Actual authorization for the tests res contained in a letteor dated
25 May 1919, to the Vaterays Experiment Stat.ion. subjeots “¥odel
Study of Look Culvert Valves for Pearl River Loocks." Sinco time was
the essence, the tosts were confined to eight c&nbinaﬁom 5:
deflectors aﬁd baffle plates proposed by the lobile Distriot ‘Otfioo.
Tests were conducted during the period Junseiugust 1919, -
3¢ A l38-s0ale.model reproduced the culvert entrance, the
valve seotion, the righte-angle elbow irmediately below the valve
section, and about 50 £t of the culvert. The culvert was constructed
of transparent plexiglass, the valves were made of brass, and the
valve shafts of stainless steel, The valve ahd‘ts were mounted om
~ stainloss stecl bearings, thersby reducing fricticn to @ minimm,
Mountod to cach valve shaft was a horizontal arm of knowm length te
which was attached precise spring scales for the measurement of
foroces soting on the valves, These arms were so linked tozether thag

the resulting force ocould bo measured individually for each valve or

for any corbination of wvalves,

Tests and Results

L. Tosts wore conductod on the valves as installed in the

existing look and on seven modifioations thereof, Data collected
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are tatulated in tebles 1-3 and are nmmb.fizod in -the‘ploto on plates
2412, Sinoe discharge through fho valves was not a critioal factor,
provisions were not made to measure discharge for all teats, However,
facilities lin which the model was installed permitted di?ohsrgn up to
about 700 ofs (prototype), vhich constituted about 0.6 of the maximun |
discharge to be measured accuratoly. It was noted that every arrange
_ment employed to reducs torque (deflesctors or baffle plates) caused
discharge capacities to be reduced., -

5¢ Initial tests on the modei vore corducted under a héad of
11,1 tt- in order to provide a direct comparison with data obtained on-
the prototype locks. Various cambinations of valves operating and
openings were Invostigated, It was rounﬁ that the characteristiocs otv
the torque ourves obtained from the rodel and prototype were generally
similar, although the maximum torque measured was usually greater with
the model valves than that with the prototype (plates 2 and 3 and
| table 1). Since it was necessary to adjust the prototype muuremntl '
to compensate for frictional offects, the prototype torgue values
proesented were considered approximate, _ |

6., In tests conducted for comparison of the proposed sohemes of
improvement, a head differential of i6.75 £t was used and, although
miltiple valve operation was at equal openings, individual peuurunentl
of the force tending to close eé.oh valve were made., The product of |
these forces and the moment arm (4 ft) gave the torque values presented
in the tables and plotted on the plates., For a head differential of
16,75 £t and the original-desipgn valve a maximum torque of about
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98 in.-k_ipn was mcasured on the trunnion of each of the three valves.
The maximum torque was moasured with the valves 1/2 open (plate L).
One deflector was added to the dovnstrean side of the valve leaf
that moves upstrean .as a valve is opened (test 2), It was found
that this deflector reduced maximm torque to about 85 in,~kips on
valve A, and 77 in.;kipl on valves B end C (plate 5). | Addition of
a second deflector on the downstream eid§ of the valve leaf that
novéa upstream as the valve is opened (test 3) further reduced
naximum torque to about 5l in;-ldpl on valve A, 51 in.-kips on
valve B, end 5 in.«kips an valve C (plate &) In combinablon with
the two deflectoars previously msialled, one deflector was added to
the upstream side of tho valve leaf that moves domnstream when the
| valve is opened (test ls). For this arrangement maximm torque
measured on the valfu was as follows:t valves A and C, 37 in.~kips
and valve B, 28 in.-kips (plate 7). For test 5 the deflector was
reroved from the leaf of the valve that moves domstream as the
valve is opened, and a plate was installed on the valve as shown on
plate 8. This arrangement caused an inorease in torque to about
79 in.<kips on valve A, 57 in, kips on valve B, and 55 i.n.-_'kipu on
valve C, Test 6, data for which are presented on plate 9, involved
the uss of three deflectors in similar positions to those used in
test j, but with longer ams. This arrangemsnt produced maximunm
torque of about 22 in.ekips on valves A and C, and 19 in.~kips o
valve B, Since test 6 produced torque values considered to be well
within those allowable, this arrangement was tested under a head
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differential of 28 ft, the maximum to be expected at any of the loocks.
Torque measured with a 28-ft head differential smownted to a maximum
of 31 in,-kips on valves A and B, and 38,5 in.<kips on valve ¢
(plate 10), Comparison of torque values obtained for the two cone .
ditions of head differential indicate in general that the torgue on
the valves variad direotly as the head differontial across the valves.
For test 7 the arrangement of doflectors used in test b was suppl:--
mented by the addition of plates on both the upstream and domstrem
loaves of the valve (plate 11), This arrangement caused a slight
redustion in torque over '*vha% Sbtatnedf in teat L {‘meﬁ‘f plates 11
and 7)o The scheme mﬁstigntod as test 8 consisted of the three |
deflectors used in test 6 plus an additional deflestor on the upstrean
side of the leaf of the valve that moves downstream as the valve is
opened, This arrangement producoed greator torque than 4id the three
deflectors used in test 6 (compare plates 12 and 9).

7. Comparison of results of all rltorations effected for the
verious tests indicates that the barfle arrangement designated te:ct 6
(plates 9'and 10) provided the best torque conditions of any of the
types investigated. For a head differential of 16,75 ﬂ: the maximum
torque obtained for test 6 was 21,5 m.-kipi whereas the maximum
torque obtained with the original-design valve was 98 in.-kips. For
& head differentisl of 28 £t the meximum torque of 33,5 in.-kipe
recorded during test 6 represonts only ebout 23 per cext of the
computed maximum torque that would obtain under like corditions for
the original valve, The computed maximum torque (165 in.-kips) was



based on the premise mentioned in the previous paragraph that the
‘torque_varied direotly as the head differential across the valves.

The discharge capacity with the test & arrangement was only L% per
cont as muoh as with the original valves (test 1) when cne-quarter
opon, and 65 per cent as muoch as when ono-hait open. Although it
was not possidble to odbtain mausﬁrmenta, it is béltovod that the
differsnce in discharge betwoen the two designs would become less
as the valve opening increased. '

8. Xoasures to reduos torque efreoted oonsequont reductions

B -
e

in hydrsulie capasities, Howevor, Iow torquos were considered more

oritical than time of fil1ling the look, Therefore, the type of
valve investicated in toat 6 is oonsidered the best of those tested
for installatioq in the prototype.



TABLE 1

MODEL-PROTOTYPE COMPARISCM
Total Torque on
Valves Valve Head Discharge Valve Trunnions® _
Operating Opening Differential = From Model ' -~ -~ lodels® Prototyps - - -
(re) (cfs) (Ia. Kips) (In, Kips)
A, B 14 n.1 268 70.8 63.4
A, B 3/8 1.1 427 95.2 coee
A, B 1/2 1.1 537 92,2 82,8
A, B s/8 n.a’ o 70.6 e
A, B 7/ n.1 643 40,0 67.2
A, B Rl 1.1 64 2.6 .24
B, ¢ V4 1.1 293 98.3 n7.6
B, C 3/8 na 40 129.0° -
B c V3 151 5K LI 1224
B, ¢ 5/8 1.1 581 147.5 ———e
B, C 34 1.1 632 113.6 100,83
B, C rall n.a 620 49.2 2.4
4, 8,6 /3 na 400 141.3 123.6
A B, C /8 11,1 584 175.1 acee
A, B,C /2 1.1 %S 175.1 1284
A, B, C 5/8 1.1 806 135.2 e
A, B, C /s na 852 86,0 110.4
A, B, C ran) 1.1 790 12,3 2.4
A v/ na 129 12.3 16,8
1 38 n.a 198 2. eee
A V2 1.1 257 2.6 27.6
A s/8 1,1 29 246 -
A 3/4 1.1 327 12,3 19,2
A a1 11 n7 154 0.0
c b7/ 11,1 125 40,0 45.8
c /8 1.1 187 i .-
c 1/2 1.1 240 7.7 Thoh
c 5/8 11,1 275 3.9 esoe
¢ 34 1.1 307 66,1 73.2
c n 1n.a s 36.9 58,8

sPorces tended to close valves, -
#4511 torque values are in prototype terss.
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TiBLE 2
HYDRAULIC TORQUE ON BUTTERFLY VALYES

Torque ot Valve Trunaios®®

Talves  Talve Headwater®  Tellwater*  Discharge A ¢
Opersting Opening (£e) (£t) (cfe) (In. Kipe) (1a. Kipe) (1a, Kips)
40,0 we .23 Froe T a4 86,0 - T
4,9,¢ 12 .23 6.5 o0 9.3 9.y 9.3
45,50 73 3.28 6.5 . 1045000 8.0 43.0. 33.8
4,0,¢ | ST} 23.25 6.5 97000e %.6 2.6 2%.6
4,0¢C b7/ .23 Free 435 15.3 %9 43.0
HYC ¥vs - B.28 6.5 659 5.9 6.6 6.5
2,80 12 2.2 6.3 e 86.0 7%.8 7.0
4,0,C ‘34 .25 6.5 e 6718 . 49.2 X
4,0,C Pall .25 6.5 oo 0.0 0.0 0.0
43,¢ Vi 23,28 Free o 15.3 30,9 0.0
4,8C s .25 6.5 633 40.0 9.2 3.9
LY,c 12 .25 6.9 820 53.7 50,8 55.3
48,0 7/3 .25 6.5 vee 52.3 .6 30,7
A, B,C AL .35 65 -— 0.0 - 93 0.0
4 8,C T/ S L B Free 25 12.3 12.3 12,3
3,5¢C 3/s 23.23 6.3 ' S 184 18.4 3.7
LBC V2 .25 65 66 104 2.6 3%.9
0, s/s .28 6.3 856 3.9 .8 3.9
4,0,C B7/3 2.23 " 6.9 - 30,7 %.6 18.4
4L, ¢ 2 23.25 6.5 - 12.3 " 6a 61
4,9, Y/ 3 2).28 Free 388 9.2 30,7 T 368
4,8C ¥ 29.2% 6.5 583 2.6 43.0 52.2
A8 1/2 23.25 6.3 e .4 6.9 8.9
4, 0,0 73 23.2% 65 - .8 3%.9 30,7
4,3,C | 1Y 2.2 6.5 oo 2.6 T 6 6.1
4,9,¢C 7/ 23.2% " Pres 26 6.1 61 12.9
4,8,¢ e .28 6.3 & 12.3 © 183 a5
40,C 12 .28 6.3 5% 15,8 13.5 a.6
,8,¢ s/8 2,25 . 6.5 2%7 T WY 184 . 17.0
A8C 7/3 2).2% 6.5 on a.s 15.) 15.3
4,5¢C 511 23.2% 6.3 - 12.3 12,9 12.3
4,3,C /3 .25 Free 24 9.2 12,3 12,3
4, 8,C e 23.28 6.3 466 5.3 18,4 0.7
A,0,¢C 1/2 .25 6.5 657 184 %.6 3.8
5,5¢C 7/ 23.25 6.5 oo 2.3 %6 2.6
4,83, nl 23.28 6.3 o 12,3 (R 12.3
Y A 7/8 23.2% Pree 220 0.0 9.2 61
4,8,C e .28 6.3 n 12.9 184 184
Lc V2 .28 %) 50, 50.7 “b 0.7
L0 ¢ s/s 2.28 6.5 60 »s F X " 30,8
2,8,¢ 7/3 2.2 6.5 ™ 30.7 26,2 1.6
49,0 fall 23.2% 6.3 wee 3.6 6.3 0.0

Q....'QQQQQ"O0.0\.\I“MUFFFF"’*\‘\‘U\‘U”DNNNFFH.‘

SReferred to bLottos of culvert at valves,
*sForces tended to close valves.
sesCoaputed from dste oa table 1.



TABLE 3

HYDRAULIC TORQUE ON BUTTIRFLY VALVES

st 6
Torque on Yalve Trunniogs®
Op::::::c oj'a:lo:l.t n“?;:'i". t“%:’:')”. W (1a, :ip-) (1o, :tpo) (Ia.. glpl)
40, bV/3 ‘ 3%.50 6.3 300 18.4 18,4 2%.6
L,9,¢ Vs 3.50 6.5 5 2.6 e 5.4
4,8,¢ 1/2 %.50 6.5 756 184 30.7 | 383
4,8,¢C s/s %.50 6.5 e Jc_).'l 30.7 2%.6
' v: 2.2 Free 39 12 6 -
5,8 V2 .50 6.5 520 7.8 %.6
sy e 2.2 Free ss1 15.5 155
40 s/? X.50 68 a2 %9 %.9
5e s/8 2.2 Pree 525 15.5 1
¢ s/8 34.50 6.5 73 184 : : C2%.6
AC Y/ D25 free (3 2.6 | 0.7
6 s 3150 6.5 ™ 30.7 )
s s/8 2.2 Pree 2 0.0
A s/s .50 6.5 0 ».9
» 12 T .50 6.5 F 3 7.8
» /6 s Free 268 - 32,9
» s/¢ .50 6.5 8 2.0
> w .25  Pree m 7.8
» 73 X.50 6.5 »s 49.2
¢ s .50 6.3 8t ] ! %6
¢ V2 .50 6.3 06 40,1
[ s/s .25 " Free 2% 2%.6
¢ s/e .50 63 m 20,7
c Y3 2.2 Pree ns T
¢ C owm .30 6.3 ity 9.2

*Referred to bottos of culvert et valves,
seforces tended to close valves,
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